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suprafascial where the elevation is made just above the deep fascial plane. 4 In either case, the flap frequently remains too bulky to resurface the defect. Immediate debulking procedures can follow but may result in partial loss of the flap. 5 Microdissection can be applied with better success to achieve a thin flap but may be too tedious and time consuming. 6 Thus, secondary debulking procedures are chosen to minimize the flap loss and procedures such as liposuction or surgical resection follows to achieve better contour of the reconstruction site. But if possible, one can aim to have the ideal reconstruction at a given single stage such as the concept of the reconstructive elevator. 7 To achieve a thin flap, minimize debulking procedures, improve donor contour, and establish a reliable plane of harvest, we hypothesized that elevation on the superficial fascia would deliver these goals. In this article, we reviewed the feasibility and efficacy of this applications for the ALT perforator, superficial circumflex iliac perforator (SCIP), and gluteal artery perforator (GAP) flaps.
Patients and Method
This a retrospective study approved by the institutional review board of Asan Medical Center. We reviewed consecutive perforator flaps being elevated at the superficial fascial plane from November 2007 to July 2013. Total of 304 flaps were reviewed. Three types of perforator flaps were used in this approach: 196 SCIP flaps, 81 ALT perforator flaps, and 27 GAP flaps. The flaps were used to reconstruct after cancer resection in 96 cases, diabetic foot in 80 cases, trauma in 83 cases (acute 5, subacute 21, and chronic with osteomyelitis in 57cases), posttrauma soft tissue contractures in 5 cases, vascular malformation in 12 cases, and other causes in 29 cases.
Surgical Technique
Preoperative multidetector row computed tomography angiograms or conventional angiograms when hardware was used were obtained in the patients to evaluate the vascular status of the extremity. It can help to identify the perforators rising from the thigh, gluteal, and groin region. Preoperative markings of perforators are made based on the anatomical landmarks as described by Wei et al for ALT flaps, Hong et al for SCIP flaps, and Ahmadzadeh et al for GAP flaps. [8] [9] [10] In addition, a hand held Doppler was used to locate the actual perforator for a free style approach.
After complete excision or debridement, the flap dimension is measured, recipient vessels isolated, and the donor pedicle length is estimated. When using a perforator as recipient, a strong visible pulse of the perforator is the main indicator for use. 11 For flaps especially GAP and SCIP, a pinch test of the skin should be made to ensure primary closure of the donor site. In large defects, ALT flaps are preferred and sometimes may need donor closure with skin grafts.
The elevation is a free style approach under loupe magnification and begins from the either lateral or medial border of the flap. The incision is made deep to the superficial fascia dividing superficial and deep fat (►Fig. 1A). The superficial fascia is between the large deep fat lobules and smaller superficial fat lobules. The small lobules suddenly become larger as it passes a very thin fascia-like structure (►Fig. 1B). This may be more apparent in patients with high body mass index (BMI). It is easier to identify this thin white film-like fascia while retracting the skin from both sides of the incision. After locating the fascia, then elevation is made on this plane until the perforator marked previously on the skin is reached. Then, the same approach is made from the contralateral side. There can be multiple perforators identified along this plane. On the basis of the pulse and diameter of the vessels, a single perforator is chosen and dissected into the deep fascia and muscle (►Fig. 1C). The fat around the perforator can be skeletonized or maintained with a cuff of fat. We prefer to skeletonize the pedicel as it allows identifying relevant branches to the flap. After reaching adequate length the pedicle is cut and made ready for microsurgery (►Fig. 1D). ►Fig. 2 demonstrates an example of reduced thickness once the deep fat is removed from the ALT perforator flap.
Results
Between November 2007 and February 2013, the patient group was composed of 189 male and 115 female patients with an average age of 35.8 years (range, 6-77 years). The average BMI was 23.5 kg/m 2 (range, 15.91-34.57 kg/m 2 ). All 304 flaps were successfully elevated on at least a single viable perforator with this approach. ►Table 1 summarizes the results.
Total of 81 cases of anterolateral thigh free flaps were elevated on the superficial fascia. Primary closure of the donor site was performed in 18 cases (average flap size, 107.5 cm 2 ; range, 4 Â 7-25 Â 8 cm). Skin graft with acellular allogeneic dermal matrix (CGderm, CGBio Corporation, Korea) was required in rest of the cases, as the flap was too large and the donor site was not able to be closed primarily (average flap size, 175.1 cm 2 ; range, 10 Â 7-30 Â 18 cm). All 81 flaps were successfully elevated with at least one viable perforator with this approach. The average flap thickness was 6 mm (range, 4-8 mm). Total flap loss was noted in two cases, resulting in a 98% survival rate. Five flaps had partial loss, two flaps needed secondary procedures, and three flaps healed with secondary intention.
The elevation on the superficial fascia was performed for superficial circumflex iliac artery perforator free flap in 196 cases. The average size of the SCIP flap was 75.5 cm 2 (range, 5 Â 3.5-25 Â 7 cm). The average length of the pedicle was 5 cm with range from 2.5 to 7 cm. The average diameter of the artery was 0.7 mm with range of 0.4 to 1.2 mm. In 73 cases, only 1 vein was used, superficial vein was used in 32 cases overall. Average thickness of the flap was 5 mm (range, 3-12 mm). All donor sites were closed primarily. With the exception of seven flap complete losses, 97% of the flaps survived. Partial loss was noted in six flaps, where five flaps needed secondary procedures such as skin grafts and one flap healed without further surgery. ►Fig. 3 shows a 41-year-old female patient with sarcoma of the first toe reconstructed with an SCIP flap elevated on a superficial fascia. The follow-up at 6 months shows good contour of the toe compared with the normal first toe.
A total of 27 superior gluteal artery perforator flaps were successfully elevated on a single viable perforator on the superficial fascia plane. The average size of the GAP flap was 125 cm 2 (range, 9 Â 4-25 Â 12 cm). The average length of the pedicle was 5.5 cm (range, 3-8 cm). The average diameter of the artery was 0.65 mm (range, 0.4-1.3 mm). There were two accompanying veins for the GAP perforator in all the flaps but six flaps drained into single vein. The average thickness of the flap was 8.5 mm(range, 5-11 mm). All flaps survived completely with exception of two cases which had partial loss but eventually healed secondarily. Primary closure of the donor site was performed in all the patients.
During the average follow-up of 34 months (range, 3-69 months). During this time, secondary debulking procedures were required in six flaps. In the three ALT flaps, patients had BMI over 29 kg/m 2 and in three SCIP flaps the BMI was over 26 kg/m 2 . The GAP flap cases did not need debulking procedures. Among the 62 cases of plantar foot reconstruction, there was no ulceration after reconstruction in 39 of the sensory intact patients, but 4 cases of recurred ulceration was noted among the 23 patients without sensation (►Table 1).
Discussion
Using the superficial fascial plane in flap elevation is a novel approach in resurfacing the defect. Until now, two previous described layers for elevating perforator flaps were either subfascial or the suprafascial planes. Subfascial approach is made by incising the deep fascia, and then elevating beneath this fascia which makes it easier to identify the perforators before it penetrates the fascia. It is easier and may be faster to elevate the flap. 4, 9, 12 However, this approach leaves an unwanted donor site morbidity such as muscle hernia and unsightly scar if the donor site is not closed primarily. Also, the deep fascia itself adds extra thickness to the flap making it bulky for some reconstruction. The suprafascial approach elevates the flap above the fascia until the perforator is reached and then opening the hiatus of the deep fascia and dissecting the perforator proximally toward the source vessel. Although the risk for muscle hernia is reduced by keeping the deep fascia intact, the risk for skin graft loss and depression of scar remains a problem if the donor site is not closed primarily. Because of the deep layer fat, it may not be adequate for resurfacing defects with thin surrounding skin. In both approaches, immediate intraoperative or secondary debulking of the flap still can be required to obtain a natural donor site contour. However, during the immediate intraoperative debulking, the risk for partial necrosis may increase as the debulking procedures are performed without a distinction of an anatomical plane. 13, 14 The best way may be to dissect with direct visualization of the small branches traveling into the dermal plexus under a microscope. 6 But this maybe a very tedious and a time consuming task. We hypothesized that the superficial plane could be a reliable elevation plane providing safety, viability, and a thin flap. The knowledge of the superficial fascia and the plane between deep and superficial fat has opened a safe way to debulk a flap to a reasonable thickness. 5, 15, 16 So by using this plane, we can obtain a thin flap without the need for additional debulking after the elevation. Although anatomical reports have stressed the importance of the vascular communication between the deep fascia and the subdermal plexus, the role of perfusion in these communication has not been evaluated. 17 According to the perforasome concept by Saint-Cyr et al, viability of flap with superficial fascia plane will be derived from perfusion of the perforator and the ability of indirect linking vessels connecting to each other. 18, 19 On the basis of this knowledge, a large thin flap will survive even though without direct linking vessels. 13, 17 Therefore, despite debulking the deep fat where the direct linking vessels might be found, the thin flap harvested on the superficial plane will still have adequate blood supply. This hypothesis was proven to be an adequate one as 304 consecutive flaps elevated on the superficial fascia had a 97% survival rate and the largest dimension reached up to 30 Â 18 cm based on a single perforator.
In our series, we evaluated the most common perforator flaps used in our practice. The ALT perforator, SCIP, and the GAP flaps are the workhorses based on the required size of the flap, position of the patient during surgery, and the morbidity of the donor site. Basically, ALT perforator flaps are chosen for large or defects that needed a chimeric form of flap including muscles. When the defect was smaller and required only a short pedicle, SCIP was the choice. For a moderate size wounds on the posterior aspect of the leg, we chose the GAP. In all these cases, they had a superficial fascial plane. In patients with low BMI, the deep fat layer was less evident but had some deep fat underneath the superficial fascia. When harvesting the ALT, the superficial fascia becomes more evident as the harvest moves cephalic toward the upper thigh. Also, the superficial nerve becomes a good landmark to realize that you are in the right plane, as the nerve is always situated in the deep fat layer. For SCIP flap, it is crucial to stay above the deep fat plane. As the lymph nodes are situated in the deep fat layer, injury to the lymph node can increase the donor site morbidity by causing prolong lymphorrhea. The GAP flap has the most distinctive superficial fat plane. 20 Even in the low BMI patients, there is always a thick layer of deep and superficial fat thus making the superficial fascial plane evident.
An interesting observation that we have found is that superficial fat layer and the thickness of the skin is different among the flaps. The flap was thinnest in the SCIP flap with an average of 5 mm and thickest in the GAP flap with average of 8.5 mm. This may be due to the character of human fat deposition throughout our body and the thickness of the skin itself. 20, 21 But despite the thinness of these flaps, debulking was still required in three ALT and three SCIP cases. This is most likely due to the fact that these flaps were used to resurface the defect requiring a very thin flap. In most of the reconstruction involving the GAP flaps were posterior aspect of heals or calves which needed a relatively thick flap. Nevertheless, the debulking was required in six patients with relatively high BMIs indicating that the superficial fat layer can be thick in patients with high BMIs and may require additional debulking. But with far less bulk, even in obese patients, this approach can provide an easier closure of the defect and a simpler secondary debulking procedure.
Disadvantages for this approach can be the learning curve required to identify the superficial fascial plane, the ability to dissect and isolate perforators, and the possibility of a short pedicle. But once comfortable elevating on this plane, one can see the small vessels actually branching from the perforator and include it on the flap under loupe magnification.
In conclusion, superficial fascia is a new approach for elevating flaps. It has advantages such as providing a thin flap allowing increased versatility to achieve better contour of flap, minimizing the need for secondary debulking, and being hemodynamically reliable.
